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Abstract 
Microelement fertilization is an important for adding efficiency of cassava (Manihot esculenta Crantz) 
production in Thailand. It had grater effects on quality of cassava root. The cassava cultivar KU 50, HB 60 and HB 
80 were grown on Map Bon, coarse-loamy variant, sandy loam, low organic matter at Khao Hin Son Research 
Station, Khao Hin Son, Phanom Sarakham, Chachoengsao, Thailand, to evaluate the combination effects of zinc, 
magnesium and sulphur foliar fertilizer management on yield and quality of cassava. The experiment was carried 
out in a split plot in Randomized Complete Block Design (RCBD) with three replications during May 2010 to July 
2011. There were five main plots; T1) non foliar fertilization, T2) foliar fertilization of Zn+Mg+S at the rate of 10 
cc/20 liters of water, 30 cc/20 liters of water and 60 g/20 liters of t ha-1water at 2 and 3  month after planting (2 
times/month), T3) foliar fertilization of Zn+Mg at the rate of 10 cc/20 liters  of water and 30 cc/20 liters of water at 
2 and 3  month after planting (2 times/month), T4) foliar fertilization of Zn+S at the rate of 10 cc/20 liters of water 
and 60 g/20 liters of water at 2 and 3  month after planting (2 times/month) and T5) foliar fertilization of Mg+S at 
the rate of 30 cc/20 liters of water and 60 g/20 liters of water at 2 and 3  month after planting (2 times/month) and 
three cassava cultivars subplots; V1) KU 50, V2) HB 60 and V3) HB 80. The results illustrated that the treatment 
with various rates of zinc, magnesium and sulphur gave difference in fresh stem weight, fresh rhizome weight, 
fresh root weight (g/root) and root starch content, but the foliar fertilization with Zn+Mg+S  gave the highest on its 
while KU 50 cultivar gave the greater effect on fresh stem weight and fresh rhizome weight , HB 60 cultivar 
tended to give higher fresh root yield ( 11.90 t rai-1 or 74.38 t ha-1 ) and fresh root weight (370.10 g/root) but HB 
80 cultivar tended  to give higher root starch content (27.16%) and root number (13.81 root/plant). The Zn+Mg 
treatment sprayed on HB 60 cultivar gave the highest fresh root yield (15.77 t rai-1 or 98.56 t ha-1) and fresh root 
weight (442.45 g/root) but  the  HB 80 cultivar with Zn+Mg+S foliar fertilization gave the highest root starch 
content of cassava by 29.33%. 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Universiti 
Sains Malaysia. 
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1. Introduction 
Cassava is one of the important economic crops of North-Eastern and Eastern parts of Thailand. 
In 2009, the fresh cassava production is about  28,000,000- 30,000,000 tons  per year, the revenue 
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eamed by exported cassava and cassava products are about fifty-thousands of millons of baht per year. 
Furthermore, cassava products is applicable to many industries including food, paper, adhesive and 
more, 500,000 families, cassava products aims to support the cassava-growing farmers’ income. 
Average cassava yield was very low (2,479 kg rai -1) due to low soil fertility resulted from long term, 
continuous cultivation of cassava without simultaneously improving soil fertility or soil and water 
conservation perspective. Therefore, the objective of this experiment was to study the combination 
effects of zinc, magnesium and sulphur foliar fertilizer management on yield and quality of cassava 
grown on Map Bon, coarse-loamy variant.   The Map-Bon, coarse-loamy variant is in the coarse-
loamy, mixed, Oxic Paleustults great group soil. The important characteristics of this top soil (0-7/10 
and 7/10-32 cm) are : neutral to medium acid soil, sandy loam; weak fine and medium subangular 
blocky structure; very friable-friable, non sticky, non plastic; many fine- many fine tubular and many 
medium interstitial pores; and few fine-medium roots; granite and quartzite derived soil parent 
material; well drainage; moderate permeability; medium run off and surface soil erosion.  
2. Materials and Methods 
The Field experiment was located at Chachoengsao  province (13 10 - 13 59 N latitude ; 100 50 – 
102 1 E  longtitude)  and the experiment was carried out from May 2010 to July 2011 at the Khao Hin 
Son Research Station of Kasetsart University,  Phanomsarakam, Chachoengsao, Thailand. The soil 
texture was loamy sand with pH of 4.37 – 5.00 (very strongly acid-extremely acid) The experiment was 
laid out as a split plot in RCBD design with three replications. Size of sub plot was 4 m x 5.6 m.The 
main plot treatments were : T1) no foliar fertilizer (control), T2) sprayed zinc+magnesium+sulphur at 
the rate of 10, 30 cc and 60 g per 20 liters of water at 2 (2 times) and 3 (2 times) month after planting, 
T3) sprayed zinc+magnesium at the rate of 10 and 30 cc per 20 liters of water at 2 (2 times) and 3 (2 
times) month after planting,  T4) sprayed zinc+sulphur at the rate of 10 cc and 60 g per 20 liters of 
water at 2 (2 times) and 3 (2 times) month after planting and T5) sprayed magnesium+sulphur at the 
rate of  30 cc and 60 g per 20 liters of water at 2 (2 times) and 3 (2 times) month after planting, and 3 
cultivars subplots consist of, V1) KU 50, V2) HB 60 and V3) HB 80. The soil was plowed twice with 3 
disk plowed and 7 disk plowed. Chicken manure or chemical fertilizer were applied according to the 
treatments. Herbicide and hand tool weed control were done manually 2 times; 1 and 2 month after 
planting. Cassava was harvested at 12 month after planting and no irrigation was supplied. Fresh stem 
weight, fresh leaves weight, fresh rhizome weight, root number, fresh root yield and root starch content 
were recorded. Fresh Root yield about 5 kg per plot were randomized  and used for root starch content 
determination by Reimann Scale. Top soil (0-20 cm) were kept for analysis of plant nutrition; pH; 
organic matter; total nitrogen; available phosphorus; exchangeable potassium; exchangeable calcium 
and exchangeable magnesium. This chemical analysis was done at the Department of Soil Science, 
Faculty of Agriculture, Kasetsart University, Bangkok, Thailand. Statistical analysis was done using 
Analysis of Variance and DMRT was used for mean comparisons.  
3. Results 
3.1 Some soil chemical properties (0-20 cm) before planting (Table 1) 
Soil chemical properties were; very strongly acid pH, moderately low OM, very low total N, 
moderately high available P, high exchangeable K, low exchangeable Ca and low exchangeable Mg. 
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Table 1  Some soil chemical properties (0.0-0.2 m) before planting at the Khao Hin Son Research Station, Phanom Sarakam, 
Chacheongsao, Thailand. 
 
Soil properties top soil 
content rating 
1. pH 4.7 Very strongly acid 
2.  OM (g kg-1) 11.9 Moderately low 
3.  Total N (%) 0.06 Very low 
4.  Avail. P (mg kg-1) 22.5 Moderately high 
5.  Exch. K (mg kg-1)  95.1 High 
6. Exch. Ca (mg kg-1) 94.3 Low 
7. Exch. Mg (mg kg-1) 21.8 Low 
 
1. pH   = pH meter (soil : water = 1:1) (Attanandana and Chanchareonsook, 1999) 
2. OM  =  Walkley-Black Titration (Attanandana and Chanchareonsook, 1999)  
3. Total N  =  H2SO4-Na2So4-Se mixture, Digestion and content analysis by Micro-Kjeldahl distillation apparatus (Attanandana 
and Chanchareonsook, 1999) 
4. Available  P  =  Bray II and content analysis by Colorimetric Spectrophotometer (Attanandana and Chanchareonsook, 1999) 
5. Exchangeable K, Ca and Magnesium  =  extracted by NH4OAc pH7 and content analysis by Atomic Absorption 
Spectrophotometer (Attanandana and Chanchareonsook, 1999) 
 
3.2 Fresh stem weight(Table 2) 
 
Application of foliar fertilizer treatment, cultivar and cultivar with foliar fertilization showed effect 
on fresh stem weight. The treatment with Zn+Mg+S, Zn+Mg and Zn+S gave no differences in fresh 
stem weight as compared with non foliar fertilization while application with  Mg+S gave the lowest on 
it. The KU 50 cultivar gave difference in fresh stem weight as compared with HB 60 and HB 80 by 
5.26, 3.57 and 2.70 t rai-1, respectively. KU 50, HB 60 and HB 80 cultivars with and without foliar 
fertilization gave no differences in fresh stem weight, but with Zn+S treatment gave the lowest.  
 
3.3 Fresh leaves weight (Table 2) 
Application of cultivar with foliar fertilization showed effect on fresh leaves weight but the 
treatment and cultivar did not effect. The treatment with Zn+Mg tended to give higher fresh leaves 
weight as compared with all of application while HB 60 cultivar also gave higher fresh leaves weight 
too. The KU 50 cultivar with and without foliar fertilization gave no differences in fresh leaves weight 
but HB 60, HB 80 cultivars with and without foliar fertilization gave differences on it, but HB 60 with 
Zn+Mg and HB 80 with Zn+Mg+S treatments gave the highest.  
3.4 Fresh rhizome weight (Table 2) 
Application of foliar fertilizer treatment, cultivar and cultivar with foliar fertilization showed effect 
on fresh rhizome weight. The treatment with Zn+Mg+S, Zn+Mg, Zn+S and Mg+S gave no differences 
in fresh rhizome weight as compared with non foliar fertilization while application with  Mg+S gave 
the lowest on it. The KU 50 cultivar gave difference in fresh rhizome weight as compared with HB 60 
and HB 80 by 2.12, 1.83 and 1.47  t rai-1, respectively. KU 50, HB 60 and HB 80 cultivars with and 
without foliar fertilization gave no differences in fresh rhizome weight but, with Zn+S treatment gave 
the lowest.  
3.5 Fresh root yield (Table 2) 
Application of cultivar with foliar fertilization showed effect on fresh root yield but the treatment 
and cultivar did not effect. The treatment with Zn+Mg tended to give higher fresh root yield as 
compared with all of application while HB 60 cultivar also gave higher fresh root yield too. The KU 
50, HB 60 and HB 80 cultivars with and without foliar fertilization gave no differences in fresh root 
yield but KU 50, HB 60 with Zn+Mg  treatment and HB 80 with Zn+Mg+S treatments gave the highest 
by 10.62, 15.77 and 11.21 t  rai-1, respectively.  The treatment with Zn+Mg+S, Zn+Mg, Zn+S tended to 
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increased fresh root yield up to 18% of non foliar fertilization but Mg+S treatment tended to gave 
lower on it.  
3.6 Fresh root weight (g/ root)  (Table 2) 
Application of foliar fertilization, cultivars with foliar fertilization showed effect on fresh root 
weight but cultivars did not effect. The treatment with Zn+Mg+S gave higher fresh root weight as 
compared with all of application while HB 60 cultivar also gave higher fresh root yield too. The KU 
50, HB 60 and HB 80 cultivars with and without foliar fertilization gave no differences in fresh root 
weight but HB 60 cultivar with Zn+Mg  treatment gave the highest by 442.45 g/root.  The treatment 
with Zn+Mg+S increased fresh root weight  up to 9% of non foliar fertilization but Mg+S treatment 
gave lower on it.  
3.7 Root number (Table 2)      
Application of foliar fertilization, cultivars with foliar fertilization showed effect on root number 
but cultivars did not effect. The treatment with Mg+S tended to give higher root number as compared 
with all of application (13.88 root per plant) while HB 80 cultivar also gave higher root number ( 13.81 
root/plant) too. The KU 50 cultivar with Mg+S treatment tended to give the highest by 14.65 root/plant.   
3.8 Root starch content (Table 2) 
Application of foliar fertilization, cultivars with foliar fertilization showed effect on root starch 
content but cultivars did not effect. The treatment with Zn+Mg+S tended to give higher root starch 
content as compared with all of application (28.51%) while HB 80 cultivar also gave higher root starch 
content ( 27.16%). The HB 80 cultivar with Zn+Mg+S gave the highest by 29.33%.   
4 Discussion 
Application of foliar fertilizer treatment, cultivar with foliar fertilization did not effect on fresh 
stem weight but cultivars showed effect on it, application of cultivar with foliar fertilization showed 
effect on fresh leaves weight but the treatment and cultivar did not effect, application of cultivar and 
cultivar with foliar fertilization showed effect on fresh rhizome weight but the foliar fertilizer 
treatment, cultivars did not effect. In the treatment of chicken manure has a high yield and different 
from the used of chemical fertilizer significantly because chicken manure gave a high organic nutrients. 
The used of chicken manure rate 1,500 kg (dry weight) gave 43.3 kg N 16 kg P 26.4 kg K 26.2 kg Ca 
7.2 kg Mg 7.2 kg S 0.3-0.8 kg Mn 0.3-0.8 kg Cu 0.3-0.8kg Zn per rai (Osodsapa et al., 2008). While 
Panitsakpatana (1987) reported that chicken manure gave N=2.7% P2O5=6.3% and K2O=2.0% at 9% 
moisture content. Because the soil used in the experiment gave a low micronutrient, plant may absorb it 
from chicken manure. 
Application of cultivar with foliar fertilization showed effect on fresh root yield but the treatment 
and cultivar did not effect. The treatment with Zn+Mg tended to give higher fresh root yield as 
compared with all of application while HB 60 cultivar also gave higher fresh root yield too. The stem 
morphological and agronomic characteristics depends on cultivar, cultural practice and climatic 
conditions (Alves, 2002). In addition the cultural practice; fertilization had a little effect on cassava 
plant height. It is determined by cultivar and climatic. Development of stem and leaves at 90-180 DAP, 
maximum growth rates of leaves and stems are achieved in this period (Alves, 2002).     
 Application of foliar fertilization, cu;tivars, cultivars with foliar fertilization did not effect on fresh 
root weight. The treatment with Zn+Mg+S tended to give higher fresh root weight as compared with all 
of application while HB 60 cultivar also tended to give higher fresh root yield too. The chicken manure 
and chemical fertilizer increased fresh stem weight clearly because the soil properties is improved by 
chicken manure , cassava root acquired nutrient from chicken manure at a relative high amount and 
also increased chemical fertilizer together, the NPK fertilizer will increase total crop yield statistically 
significant (Cadavid, 1998). 
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Table 2 Yield and yield components of three cassava cultivars in 5 methods of foliar fertilizer applications; T1= non foliar fertilization, T2= foliar fertilization of Zn+Mg+S at the rate of 10 cc/ 20 liters of water, 30 cc/ 
20 liters of water, 60 g/ 20 liters of water at 2 and 3 month after planting (2 times/month), T3= foliar fertilization of Zn+Mg at the rate of 10 cc/ 20 liters of water, 30 cc/ 20 liters of water at 2 and 3 month after planting 
(2 times/month), T4= foliar fertilization of Zn+S at the rate of 10 cc/ 20 liters of water, 60 g/ 20 liters of water at 2 and 3 month after planting (2 times/month) and T5= foliar fertilization of Mg+S at the rate of 30 cc/ 
20 liters of water, 60 g/ 20 liters of water at 2 and 3 month after planting (2 times/month) in May 2010-July 2011 at Khao Hin Son Research Station, Khao Hin Son, Phanom Sarakham, Chachoengsao, Thailand.  
Cultivars Treatment Fresh stem weight 
(Ton/rai) 
Fresh leaves weight 
(Ton/rai) 
Fresh rhizome weight 
(Ton/rai) 
Fresh root yield 
Ton/rai 
Fresh root weight 
(g/root) 
Root starch content 
(%) 
Root number 
per plant 
KU 50 T1 5.70 a 2.03 a 1.97 a 9.04 a 375.88 a 26.50 a 11.06 ab 
 T2 6.54 a 1.96 a 2.29 a 9.36 a 427.25 a 27.83 a 9.29 b 
 T3 5.39 a 2.28 a 2.21 a 10.62 a 358.63 a 25.23 a 11.79 ab 
 T4 5.31 a 1.66 a 2.21 a 9.33 a 269.03 a 27.47 a 14.39 a 
 T5 3.36 b 1.83 a 1.92 a 10.33 a 297.84 a 25.70 a 14.65 a 
HB 60 T1 3.01 ab 1.56 bc 1.79 ab 11.26 ab 378.21 ab 26.83 ab 11.85 a 
 T2 4.44 a 1.86 bc 1.99 a 12.16 ab 409.16 a 28.37 a 12.02 a 
 T3 4.73 a 3.00 a 2.33 a 15.77 a 442.45 a 26.83 ab 14.39 a 
 T4 3.47 ab 2.49 ab 1.82 ab 12.52 ab 390.68 a 26.50 ab 12.89 a 
 T5 2.22 b 1.09 c 1.20 b 7.81 b 230.02 b 24.97 b 13.40 a 
HB 80 T1 2.91 a 1.58 bc 1.27 a 10.75 a 303.50 a 27.00 ab 14.20 a 
 T2 2.80 a 2.83 a 1.88 a 11.21 a 313.88 a 29.33 a 14.56 a 
 T3 2.34 a 2.30 ab 1.25 a 10.24 a 291.59 a 28.13 a 14.45 a 
 T4 2.61 a 1.91 abc 1.41 a 10.34 a 337.73 a 27.37 a 12.26 a 
 T5 2.86 a 1.10 c 1.55 a 10.28 a 306.85 a 23.97 b 13.58 a 
  * * * * * * * 
Mean of treatment T1 3.87 ab 1.72 a 1.68 ab 10.35 a 352.53 ab 26.78 ab 12.37 ab 
 T2 4.59 a 2.22 a 2.05 a 10.91 a 383.43 a 28.51 a 11.96 b 
 T3 4.15 ab 2.53 a 1.93 ab 12.21 a 364.22 ab 26.73 ab 13.55 a 
 T4 3.80 b 2.02 a 1.81 ab 10.73 a 332.48 ab 27.11 ab 13.18 ab 
 T5 2.81 c 1.34 a 1.56 b 9.47 a 278.24 b 24.88 b 13.88 a 
  ** ns * ns * * * 
Mean of cultivars KU 50 5.26 a 1.95 a 2.12 a 9.74 a 345.72 a 26.55 a 12.24 a 
 HB 60 3.57 b 2.00 a 1.83 a 11.90 a 370.10 a 26.70 a 12.91 a 
 HB 80 2.70 b 1.94 a 1.47 b 10.56 a 310.71 a 27.16 a 13.81 a 
  ** ns ** ns ns ns ns 
Mean  3.85 1.97 1.81 10.73 342.18 26.80 12.99 
CV (b) %  32.1 25.4 22.6 25.9 26.2 5.2 18.5 
Notes: In a column, mean followed by a common letter are not significantly different at 5% level by DMRT 
ns = not significantly different at 5% level 
* = significantly different at 5% level 
** = significantly different at 1% level 
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Application of foliar fertilization, cultivars with foliar fertilization showed effect on root starch 
content but cultivars did not effect. The treatment with Zn+Mg+S tended to give higher root starch 
content as compared with all of application because of the tapioca starch is determined by genetic 
characteristic, Environment; fertilizer had a little effect of cassava starch production.  
Application of foliar fertilization, cultivars with foliar fertilization showed effect on root number 
but cultivars did not effect. The treatment with Mg+S tended to give higher root number as compared 
with all of application. The root number showed effect the same as root starch content. It is determined 
by genetic characteristic, environment; fertilizer had a little effect of root number. All of treatments 
gave no difference in root number. Potassium is important for root and tuber creation of plant. While, 
Mhomngam (2004) reported that spraying pig manure extraction every 1 and 2 month had not 
difference in effect on root number as compared with other formula. 
 
5 Conclusion 
 In the cultivar, KU 50 gave the highest fresh stem weight, HB 60 tended to give higher fresh root 
yield, while HB 80 tended to give higher root number per plant and root starch content. 
 In the foliar fertilizer treatment, T2= Zn+Mg+S gave the highest fresh stem weight and all so gave 
higher root starch content, T5)= Mg+S tended to give higher root number per plant and T3= Zn+Mg 
tended to give higher fresh root yield.   
 In the cultivar and foliar fertilizer treatment, HB 60 with Zn+Mg treatment gave the highest fresh 
root yield, while HB 80 with Zn+Mg+S treatment gave the highest root starch content.      
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